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Coupling Effects of Different Water and Fertilizer Conditions and
Optimization of Water and Fertilizer Schemes on Maize
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Abstract; The reasonable ratio of water and fertilizer for maize planting has been an important subject in
agricultural research. However, previous studies only pay more attention to the one of the factors of yield,
water use efficiency and photosynthetic rate, etc. to make the scheme of water and fertilizer coupling.
The purpose was to reveal the coupling effects of fertilizer and water on photosynthetic rate, yield and
WUE. A scheme of water and fertilizer combination was made based on the multi-objective genetic
algorithm (MOGA) , aiming to achieve an overall optimization of the above three factors. The D —416
saturation optimum design with 16 treatments and three replicates was used in the experiment. There were
four levels of irrigation amount (400. 0 m’/hm*, 473.7 m’/hm’, 604. 1 m’/hm” and 700.0 m’/hm’) ,
five levels of N supply (180.0 kg/hm*, 198.3 kg/hm’, 225.0 kg/hm’, 251.7 kg/hm” and 270.0 kg/hm”) ,
and five levels for both of P,0, and K,0 (60.0 kg/hm*, 72.2 kg/hm*, 90. 0 kg/hm’, 107. 8 kg/hm’and
120. 0 kg/hm*). The design of each block was 10.4 m x 10 m with 702 plants and 23 c¢m in spacing.
Maize variety of Longdan 9 was selected to seed on April 25, 2016. P,0, and K,O were supplied as base
fertilizer before seeding. Half of N was used as base fertilizer and the remaining half was applied at
elongation stage. Each treatment was irrigated respectively at elongation stage and tasseling stage with the
same amount of water. The photosynthetic rate of the fourth leaf from the top to the bottom of maize was
measured by the LI —6400 (LI — COR Biosciences Company, USA) during 09:00—11:00 on August 9,
2016. The yields for each block were recorded on September 21, 2016. The regression model of N,
P,0,, K, O and irrigation water amount on maize photosynthesis rate was established by four-factor
quadric regression analysis, and the coefficient of determination was 0. 99. Sorting from large to small,
the effect of various factors on the photosynthesis rate of maize was irrigation water amount, N, K,0 and
P,0,. The photosynthetic rate appeared the trend of increasing first and then declining with the increase

of each factor. Coupling effects between irrigation water amount and N, P,0, and K,O, irrigation water

ek HIE . 2016 —12-10 &1 H Y. 2017 -03 —09
E£WMAB: “ I = H"EHZRHECCE 5 H (2014BAD12B01)
TEER A KA (1967—) 55 8042, A S, EZNF AL T KWUF5E , E-mail; zhangzhongxue@ 163. com



%9 1)

SR A TR IR KA 2% 1 B R85 280 0L 73 B 55 K AE TS it 5 %6 =96 207

amount and K,O were significant while the coupling effects between the rest factors were not significant.

The medium irrigation and medium fertilizer were favorable for maize photosynthesis. Increasing yield was

beneficial to improve WUE. A multi-objective optimization model of photosynthetic rate, yield and WUE

of maize was established. The genetic algorithm was used to optimize this model. The most suitable

combination of irrigation water amount and fertilizer was as follows; irrigation amount was 700 m’/hm’
and the fertilizer was 270 kg/hm” of N, 60.26 kg/hm® of P, O, 60.02 kg/hm’ of K,0 and the
corresponding optimum maize photosynthetic rate, yield and WUE were 13.54 pmol/(m’+s),

24 520. 10 kg/hm* and 5. 14 kg/m’, respectively. The results had a guiding role in maize production.

Key words: maize; yield; photosynthetic rate; genetic algorithm; water use efficiency; multi-objective

optimization
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Tab.2 Level of test factor and coding value
Jopi X & g i (A A H 2/ B AT o/ RE WK/
ig=: RIEHE x,  BFIEHE x,  HIEAE x KA x, (kg-hm %) (kg-hm %) (kg-hm~2) (m® hm~?)
1 0 0 0 1.784 225.0 90. 0 90. 0 700.0
2 0 0 0 -1.494 225.0 90. 0 90. 0 400.0
3 -1 -1 -1 0. 644 198.3 72.2 72.2 604. 1
4 1 -1 -1 0. 644 251.7 72.2 72.2 604. 1
5 -1 1 -1 0. 644 198.3 107. 8 72.2 604. 1
6 1 1 -1 0. 644 251.7 107. 8 72.2 604. 1
7 -1 -1 1 0. 644 198.3 72.2 107. 8 604. 1
8 1 -1 1 0. 644 251.7 72.2 107. 8 604. 1
9 -1 1 1 0. 644 198.3 107. 8 107. 8 604. 1
10 1 1 1 0. 644 251.7 107. 8 107. 8 604. 1
11 1. 685 0 0 -0.908 270.0 90. 0 90. 0 473.7
12 —-1.685 0 0 -0.908 180.0 90. 0 90. 0 473.7
13 0 1. 685 0 -0.908 225.0 120.0 90. 0 473.7
14 0 —-1.685 0 -0.908 225.0 60. 0 90. 0 473.7
15 0 0 1. 685 -0.908 225.0 90. 0 120.0 473.7
16 0 0 —-1.685 -0.908 225.0 90.0 60. 0 473.7
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Fig. 1  Schematic of parallel selection method
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Tab.3 Test of regression coefficient of photosynthetic

rate model
5B t P K& t P
X 287.977 0. 002 xi -193.414 0. 003

%, 217.053 0. 003 XX,
x3 277. 069 0.002 X)Xy

—-12.405 0.051
-7.108 0. 089

x, 496. 399 0. 001 X, %, -30.621  0.021
2 -102.994  0.006 X, %3 -29.000  0.022
2 -113.204  0.006 Xy, -11.784  0.054
X -100.050  0.006 x3%, 164. 887 0. 004

THERAS B35 1 22 BWUS 44 2 81307 72
Y =32.285 +1.019x, +0. 768x, +0. 980x, + 1. 756x, —
1.226x; —1.347x5 — 1. 19115 —2.930x; —0. 142x,x, —
0. 134x,x, +0. 763x,x, (6)

XA (6) HEAT B F L, e R R =
0.99,F =624.870,P <0.000 1, 7] 9 3¢ & ik B T
FORF B R BG4 Bk 3k 4 aln, A%
PR 2R e LA A T 06 31 2 5 40 5 7K UK
PR BTRES 45 X6 DG 3 AT R 5 1 B S LA, B K
13 X0 Ol A AR AT AE 2 35 1A IE 5 LU

R4 HRADRERZRBAGEERBEDEPRHLE
Tab.4 Test for regression coefficient of photosynthetic

rate model after eliminating non-significant factors
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Fig.2 Effect curves of single factor on photosynthetic rate
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Fig.3  Analysis of marginal effect of photosynthetic rate
A 0, 15 B ZK (Vg ) HEET (Vo) JBIK (Vi)
LR IR W

Yy =32.285 +1.019x, +1.756x, — 1. 226x] —

2.930x; - 0. 142x,x, (15)
Y, =32.285 +0.768x, +0.980x, — 1. 347x] —

1.191x3 = 0. 134x,x, (16)
Yy =32.285 +0.980x, +1.756x, — 1. 191x; -

2.930x +0. 763x,x, (17)

HY 2R B0 50 45 SR T, O L AUER L K 28 B
RPN R HORES . B 4a BT ZUIE it 4t
SRR EAER . v LUE YK R E
B, O 3 3 B R it P k49 2 B S R R
R Y RN gD (E Ky 0. 392, K b {E A 0. 294
B 6 A SRAA B R KA, O 32. 743 pmol/(m’+s)
R it A O A2 B, O A R VE K R 1
I TEIRE S B TSR R K xR G
S 5 AR B KT RUIENE . 24 AU A e
Jiti FH 5[] B b T Fe AR 7K ST B, O A 1 36 B /b
{E o Fh B 4b BTN, @ AE S5 4000 6 00 28 B4R
XF O A I 52 e il DA OE O T £, BB AR
B e D X e R I R R R — 3K, 2
PSEHE K G /N R e 2 B AT g 5 {E Dy 0. 255,
PR g AS A  0.392 B, 6 & k8 B e KAE, N
32.581 pmol/ (m’®+s) o S IE 5 40 JIE it FH 4k T %
AT, YAl B /N B 4e OB T 4 I8 i FH
SRR EAEM . SIS w5 0. 528,
KA GRISAE 2 0.360 B, & 1 33k B e KAE, N
32.868 pmol/(m’-s) ,

2.2 KIBFBEWNERFEMAIFALENFIG
AL 5K 4 R FHRBCRANEL S TR
S Rl DU A 1T e . RO

A6 FIALBE 4, b3 16 77 R AR . IR ALBE 11

S 7K 3 R R B e 1 Ak B, GRS A B 4 Ak B

13,4034 16 114 7K 43 F) FHR0CR 2 S AR Y . Hy 4 28

11 5403 16 XF LRl 1, 243K 4 F 6 — K FB

$8 it 3 1 TR BB A8 3 R R R OK T R 5 K 4 R

B AL T 5 A0 EE 2 XF EE AT AT, 20 AR & AL T 1R



%9 1) SR A TR IR KA 2% 1 B R85 280 0L 73 B 55 K AE TS it 5 %6 =96 211

N
)

S (ol m s

N

SEE T (wmol - m 2571

[}

%

P4 2% D FON A AR Y AR RO

Fig.4 Effects of various factors on photosynthetic rate
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Fig.5 Yield and water use efficiency of each treatment
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Fig. 6 Optimization of photosynthetic rate, yield, water use efficiency and global model after 60 iterations and performance tracking
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